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ABSTRACT 

The  electron  concentration  in  the  E-layer  hag  been 
calculated  as  a  function  of  height  according  to  the  theory  of 
the  pre-ionization  of  molecular  oxygen  by  the  sun's  radiation 
(Nicolet)   and  subsequent  dissociative  recombination  (Bates  and 
Massey),     The  calculations  are  based  on  the  recent  work  of  Moses 
and  Wu  on  the  distribution  of  moleci^lax  and  atomic  oxygen  in  the 
atom-molecule  transition  region.     It  is  shown  that  both  the  ob- 
served height  and  the  value  of  the  peak  electron  density  can  be 
accounted  for  satisfactorily.     We  also  examine  the  photo-ionization 
of  atomic  oxygen^which  leads  to  a  peak  in  the  region  of  the  F^-layer, 
but  it  does  not  seem  possible  to  explain  the  observed  effective  re- 
combination coefficient  for  the  F^ -layer  on  the  basis  of  theory 
involving  atomic  and  moleculsr  oxygen  alone, 
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I.  IptroductioD 

Since  the  proposal  by  Chapman  of  a  theory  of  formation  of  ionized  layers 
in  the  upper  atmosphere  by  solar  radiation,  many  attempts  have  been  made  to 
account  for  the  observed  properties  of  the  various  layers,^  -*  Hecently  it  has 
been  suggested  rather  more  definitely  than  before  that  the  3  and  F     layers 
arise  mainly  from  the  ionization  of  oxygen  molecules  and  atoms  respectively," 
The  argvjnents  for  these  identifications  are  the  folloxviag: 

1.  It  is  generally  believed,  on  the  basis  of  many  theoretical  studies, 
that  th.:i   oxygen  molecules  in  the  upper  atmosphere  are  dissociated  into  atoms  by 
solar  radiation,  and  that  this  dissociation  takes  place  in  a  fairly  sharp  transi- 
tion region,  a  few  kilometers  thick,  which  lies  at  altitudes  between  90  and  110  Km, 
The  details  depend  on  the  particular  assiunptions  in  the  theory  of  the  dissociation- 
recombination  region.   The  E- layer  is  known  to  be  sitiiated  at  an  altitude  of  about 
100  Km*-,-'  and  on  account  of  the  dissociation  there  are  very  few  oxygen  molecules 
present  above  3-layer  altitudes, 

2.  Of  the  various  known  cliief  constituents  of  the  upper  atmosphere, 

0   9  '^2    '     ^   '     ^2  •  *^®  oxygen  molecxxle  has  the  lowest  ionization  potential 
(  12.2  ev,  corresponding  to  a  threshold  wavelength  of  1010  A  ).  Hence  only  the 
radiations  necessary  to  ionize  0  (wavelengths  immediately  below  1010  A  )  are  not 
absorbed  by  the  overlying  layers  of  the  other  constituents,  and  are  thus  able  to 
penetrate  down  to  the  altitude  of  the  E-layer, 

3.  On  the  other  hand,  the  oxygen  atoms  extend  to  much  greater  heights  than 
oxygen  molecules,  and  it  seems  an  attractive  theory  to  identify  the  F  layer 
with  the  first  ionization  of  the  oxygen  atom. 

There  are,  however,  difficulties  in  the  above  simple  theory.  The  first  of 
these  is  that  the  observed  absorption  cross  sect^ion  ^r^    leading  to  the  ionization 


hi"  ^ 

of     0       in  the  first   ionization  limit   (l2.2  ev)  ^  ■* 


0^  +  hi?       — >     0^     +     e;    (T-^  -'10'^^  cm^  (l) 

is  much  too  small  to  account  for  the  observed  height  of  the  maximum  electron 
density  on  the  basis  of  the  Chapman  theory.  It  has  been  sug--ested  by  Nicolet'-  -' 
that  the  difficulty  can  be  overcome  by  assuming  that  the  0   absorbs  radiation 
of  wavelengths  below  1010  A  in  transitions  not  leading  to  0   directly,  but  to 
excited  states  of  0^  that  lie  in  the  continuum  above  the  first  ionization  limit 
of  0   and  converge  to  the  second  ionization  limit  of  0„  (i.e.,  to  an  excited 
state  of  ^2  ^*   ^'^®  oxygen  molecules  in  these  excited  states  are  in  a  condition 


^  2  - 

for  auto-ionization,  so  that  the  ionization  of     0       consists   of  two  successive 
processes: 

Og  ^-  h»  — >    0*   ;     \  <  1010  A   ;       o**  (2) 

°2     "">  °2  *  *  •  P-  (3) 

This  suggestion  is  plausible,  as  the  spectrum  of  0^  has  strong  absorption 

bands  in  the  region  910  -  1010  A  (corresponding  to  13,5-12.2  eT),""-^-^   The  cross 

*  -17   2 

section  o~   of  the  process  (2)  is  not  knovm,  although  a  TaluA  of  4  x  10    cm 

has  been  postulated  arbitrarily''  -";  and  the  transition  probability  p  per  sec, 

of  the  radiationless  process  (3)  is  also  unknown.  Let  the  transition  probability 

(Einstein  A  coefficient)  for  the  reverse  process  of  (2)  be  denoted  by  A.  Then 

the  fraction  of  0„  produced  by  (2)  which  undergoes  the  auto-ionization  process 

(3)  is  p/(p  +  a),  and  the  effective  absorption  cross  section  for  0^  leading  to 

0   and  e  is 

While  p  is  not  known,   it  seems  that     p  <  A,  since  otherwise  the  absorption  bands  in 

(2)  would  have  c^pea-ed  diffuse  by  auto-ionization.     In  the  present  work  we  have 

eff 
tried  a  nuiriber  of  vaLues  of  o-  «        which  correspond  to  plausible  values  of 

*  eff 

(T  >  P>  A,  and  shall  show  that  values  of  0"  „       in  this  range  are  capable  of 

accounting  for  the  E-laj^r,  when  used  in  conjunction  with  the  other  data. 


The 


second  difficulty  of  tne  theory  of  the  S  and  T^   layers  is  that  the 


observed  recombination  coefficients  o(   for  the  E  and   P^  layers  have  the  values 

—8  —9   3—1 

10   and  4  X  10   cm  sec    respectively;  these  values  are  much  larger  than  the 

coefficients  for  radiative  recombination  that  can  be  deduced  from  the  photo- 

ionization  cross  section      ; 

0^  +  e  — >  0„  +  hv  c(-    -w  lO"-"-   cm^  sec"^  (5) 

O"*"  +  e  — >  0   +  hu    oi     -^5  1  lO"^^  cm-^  sec"^       (6) 

[2!  + 

It  has  been  suggested''  ■•  tbat  the  Op  may  not  recorabine  with  electrons 

as  in  ($)  but  by  the  following  "  dissociative"  recombination, which  leads  to 
two  oxygen  atoms  in  excited  states: 

0^  +  e  —>  0'   +  0"  ;    *^5L  ^  ■'•^"^  ^^^     sec"-"- ,  (?) 

and  that  0     and  electrons  may  reconibine  by  the  two-stage  process  of  a 
d-iaxge  transfer: 
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O"^   +  0   — >  0  +  0^  ;   Y  •vlO"''-^  cm^  sec"^  (8) 

followed  by  (7),  The  values  of  the  coefficients  ^    and  ^are  not  known  either 

r  p  "I 

experimentally  or  theoretically;  the  values  given  above  are  assumed'-   on  plausi- 
bility considerations  to  account  for  the  observed  d^ f or  the  E  and  F     layers. 

The  purpose  of  the  present  work  is  to  examine  these  theories  of  the  E  and  P. 
layers  by  making  a  quantitative  calculation  of  the  electron  densities  resulting 
from  the  photo-ionization  of  molecular  and  atomic  oxygen,  on  the  basis  of  the 
recent  work  of  Moses  and  Wu  -^  on  the  distributions  of  0_  and  of  0  in  and 
above  the  oxygen  dissociation  layer.  While  these  distributions  are  not  defini- 
tive on  account  of  the  lack  of  definite  knowledge  about  the  mechanism  of  associa- 
tion, they  are,  for  each  assumed  model,  soundly  based  on  a  "self -consistent" 
treatment,  so  that  a  calculation  of  the  ionized  layers^ xisin^  their  results  should 
be  satisf  actoiy  in  the  saine  sense  of  «  self-conpistencj-"  ,  ^  -' 

In  the  following,  the  number  of  particles  X  per  cm  will  be  denoted  by  [X], 

II,  Photo-ionization  of  molecular  oxygen  and  the  iii-layer 

rn-i 

fiecently  it  has  been  as3\imed         that   the  E-layer  Is  due  to  the  photo-ioniza- 
tion of   oxygen  atoms,   involving  the  processes    (6),    (8)   and   (7),      It  will   be  shown 
in  the  next   section,  however,   that   the  contribution  to   the  electron  density  in 
the  E-layer  arising  from  oxygen  atoms   is   extremely  small,   so   that   it   is   sufficient 
to  assume  here  that   the   basic  processes   for  the  E-layer   ionization  are    (2),    (3), 
and  (7). 

The  time  rate  of  change  of  electron  density  is  given  by 

d/dt   [e]     =     q^   [Og]  -o<^  [O^]   [e],  (9) 

where  q   is  the  number  of  photo-ionizations  per  second,  and  is  given  by 

q2(x)   =  f      di.  E^  PvW  CT^^^^Cu)  .  (10) 

ef  f 
Here  x  is  the  altitude,  O^        (u)  is  the  effective  cross  section  in  (U),   and  p     (x), 

the  energy  density  per  unit  frequency  range  at  altitude  x,  is  given  by 

P^(x)     =     p^   (»)     exp^-<rf^(u)       I    [O^ldxl  (11) 

where   P^(")  is  the  corresponding  density  at  the  top  of  the  atmosphere.  We 
shall  make  the  usual  assumption  that  p  (<=)  is  the  density  of  a  blacK  body  at 


-.  4  - 


temperatiore  ©  =  6000°K,  "diluted"  by  a  factor  W,  k^  being  the  solid  angle 
subtended  by  the  earth  at  the  sun.  As  the  spectral  regions  concerned  lie  at 
or  beyond  1000  A,  it  is  sufficient  to  employ  Wien's  form  for  p  (■»)  ,  so  that 

p  (.)  =   SHW^  exp  (-^/•'J  .    u  =ke/h 


(12) 

-6 


W  =  5.4  z  10 

Also,   on  account    of   the  rapid  decrease  of  p^     with  increasing  frequency  u 

ef  f 
in  this   region,   we  may  replace   <y-        (v)      by  a  constant   equal   to   the  value  at 

the  tnreshold  v  Thus    (10)   becomes 


CD  -^ 

q^U)        =     kexpf-cr®         JCO^Jdzj; 


c 

where       ^^  =  ^^  /v^  . 

The  condition  for  the  ionosphere  to  be  electrically  neutral  is   that 

[O^]     =     [e].  (14) 

In  order  that  equation  (9),  with  (l4) ,  agree  with  the  empirical  relation  in 
which  the  observed  recombination  coefficient  is  cX.  =  10    cm  sec   ,  one 
assumes  that 

<f^^     =   <k  ^       10"^  cm^  sec'^.  (I5) 

'She   maximum  electron  density  at  noon,  when 

d/dt  [e]  =  0, 


is  given  by 


[e]^  =  q^  (noon)  [02]/c».^  ,  (16) 


a  relation  which  holds  for  any  height  x   ,  Thus,  to  obtain  [e]  as  a  function 
of  X  ,  we  need  to  know  [0„]  as  a  function  of  x  ,  both  for  the  factor  [Op]  in 
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Figure  1 
Concentration  of  free  electrons  [e]    in  the  E-layer,  resulting  from  the 

photo-ionization  of  molecular  oxygen,  for  various  values  of  the  effective 

eff 
ionization  cross  section  <r  „  . 

The  present  curves  result  from  the  three-hody  model  of  Moses  and 

Wu^-  J  ,  with  T=300°K  and  C=10~-^^cm  sec"  ;  the  two-hody  model  gives  very 

similar  curves,  hut  shifted  to  lower  altitudes  hy  8KJn. 
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(l6),  and  for  the  integrated  0  -  concentration  that  occurs  in  cu(x)  from 
equations  (lO)  and  (ll) . 

•Detailed  calculations  have  been  carried  out  in  the  present  work  for  two 
of  the  models  studied  by  Moses  and  Wu   ,  namely,  their  two-body  recombination 
model  with  T  =  300°K,  and  their  three-body  recombination  model  with  T  =  300°K: 
and  a  three-body  recombination  coefficient  C  =  10     cm   sec"  ,  Their  other 
models  (with  different  temperature  distributions  and  other  C  values)  give 

substantially  similar  results.  The  distributions  of  [e]  as  a  fvmction  of  z 

eff 
for  the  tiiree-body  model  are  given  in  Fig.  1  for  various  values  of  cr    ,  namely 

cr®^   =  1.8  x  lO"-'-''  ,  0.9  X  10"^'',  0.^5  x  lO"^''  cm^.  With  the  two-body  model, 
the  curves  obtained  reproduce  those  in  Fig.  1  to  within  105&  in  electron  con- 
centration, but  are  shifted  to  about  8  Kia  lower. 

The  absolute  magnitudes  of  [e]  as  given  in  Fig.  1  may  be  too  large  by  as 
much  as  a  factor  of  three,  because  [e]   is  proportional  to  the  energy  density 
of  solar  radiation  of  the  appropriate  frequency  (cf.  equations  (10)-(13),  (l6)). 
The  energy  density  used  in  the  computations  corresponds  to  12.2  ev;  at  13.5  ev  it 
is  smaller  by  a  factor  of  ten.  From  the  results  of  Price  and  Collins^-'-'  it  is 
seen  that  there  is  a  number  of  absorption  bands  in  this  frequency  range,  and 
their  relative  importance  in  contributing  to  the  pre-ionization  of  0^  is  obviously 
very  hard  to  eval-uate.  When  allowance  is  made  for  this  fact  we  see  that  the 
observed  peak  value   [e]  =  1.5  i  10   cm   at  a  height  of  about  100  Km  can  be 
accounted  for  on  the  basis  of  the  ionization  of  oxygen  molecules. 


III.   Ionization  of  atomic  oxygen  and  the  P  -layer 

It  is  seen  from  the  preceding  section  that  for  any  reasonable  distribution 
of  molecular  oxygen  with  height  above  the  0„  <—>  0  dissociation  region,  the 
contribution  from  0  to  the  electron  density  decreases  very  rapidly  with  height 
above  the  E-layer,  and  is  negligibly  small  at  the  height  of  the  F^ -layer.   On 
the  other  hand,  the  ionization  of  oxygen  atoms  is  expected  to  give  rise  to  an 
ionized  layer  with  maximum  electron  density  at  greater  altitudes  than  the  E-layer, 
In  the  following,  we  shall  again  calculate  the  height  of  maximum  electron  density 
due  to  the  ionization  of  atomic  oxygen  on  the  basis  of  the  distributions  of 
atomic  oxygen  given  by  the  two  models  of  Moses  and  Wu.   It  will  be  shown  that, 
despite  the  qiialitative  agreement  with  the  observed  data,  a  complete  understanding 
of  the  F  -layer  is  still  lacking. 

The  Fj^-iayer  is  characterized  by  the  following  observed  data: 
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Height   of  maximTim  electron  density     =       200  Km 

Peak  electron  density      [e]  =       2.5  x  10^     cm~-^  (l?) 

1  -9         3—1 

Recombination  coefficient  *K  -       4  x  10         cm       sec 

The   ioni2^ation  process  considered  here   is    the  photo-ionization  of  oxygen 
atoms   just   beyond  the  first   ionization  limit: 

0  +  hu       — >     0^     +  e      ;  >^  <  910  A  ;      <r-^  =  4,5  X  lO""'"^     cm^.        ^^^    .^gx 

As   was   mentioned  in  section  I,   the  radiative  recombination  coefficient  for   the 
reverse  process    (6)    is    several  orders   of  magnitude   smaller  than  the  observed <3v  in 
(17)»        Hence,   in  an^   theory  involving  oxygen  atoms   and  molecules   alone,    the 
onl\'   hope  to  account  for   the  observed    ^  is   to  ass\Mie   that     0       and     e  recombine 
throijgh  the  two-stage  process   of  charge  transfer  (8)   followed  by  dissociative 
recombination   {?) ,     On  this   assumption   the  equations   for  the   rate   of  change   of 
Le]     and   [O   ]     are 

d/dt     [e]     =     q^(x)[0]         -    a^  [op     [e]  (19) 

d/dt      [0"']=     q^(x)[0]  -       y[0^][02],  (20) 


wne 


re  q, (x)   is  similar  to  q^Cx)   of  equation  (lO),  but  always  with  oxygen 

eff 
atoms  instead  of  oxygen  molecules,  and  with  CT"   instead  of  cr^  ,  so  that 


<l,(x)      =    y      di>       ^      p^(x)        ^io)  (21) 

\  00 


'v. 


(22) 


Pv^^)        =     Pv^°°)         ^^)-    ^l^''^     j[   M    d^   \. 
The  condition  for   the  P^-layer  to  be   electrically  neutral   is 

[0^]     +     [Op     =     [e]  (23) 

30   that    (19)   becomes 

d/dt    [e]   =  q^(x)    [0]  -   ck^fl   .     L9I1S)       [-3J  ^ 


(24) 
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At   noon,  ^ 

d/dt  [e]  =     d/dt  [o"*"]  =  0, 

and  it   can  be   shown  ty  means   of    (l9),    (20),    (23)   that    the   electron  density  is 
given  by  either  of   the  following  equivalent   expressions: 

2      _       q^    (noon)    [o]         f      _     q^   [o]  ^ "^ 


tef     .-       -1    -- l-J^^hlL (25a) 

.       '^l    ^^°°"^    ^QJ      ^'^    [e]  -    VCo,]   I  (25b) 


At  il-layer  altitudes,    V  [o  ]  ^,   lo"-^^     x  10^^       sec"'^,  and     Qii  ^  [e]  -  10"®»10^sec"^ 
so  that  the  effective  recombination  coefficient 


2-'/    l-d^=^    ■    /tO^jj 


*^d    tOp3/Hd[eJ^ 


is  practically  <3^(a.   Calculations  of  q,  (x)  [O]  (i)  on  the  basis  of  the  dis- 
tributions  of  atomic  oxygen  in  any  of  the  models  of  Moses  and  ^vr'-^      (or  of 
other  authors  for  that  matter)  show  that  the  contribution  to  [e]  from  the  photo- 
ionization  of  oxygen  atoms  is  negligibly  small  in  the  S-layer  (cf .  table  l). 
This  seems  to  have  eliminated  atomic  oxygen  as  an  important  source  of  electrons 

r9i 

m  the  E-layer, 

To  calciolate  [e]  in  (25)  on  the  basis  of  the  models  of  Moses  and  Wu'"''-',  one 
has  to  extend  the  concentrations  of  atomic  and  molecular  oxygen  f^iven  by   Moses 
and  Wu  above  the  0^< — >  0  transition  region.   In  these  altitudes  (x  >  130  Km) 
the  distribution  of  0  is  governed  by  diffusion  rather  than  by  dissociation- 
association.   Instead  of  assuming  an  isothermal  atmosphere,  it  is  perhaps  in 
better  accord  with  empirical  facts  to  assiime  a  linear  temperature  rise  with 
height; 

T(x)  =  T(x^)  +  \>{x  -  x^)    ,  (26) 

where  x  is  taken  as  some  convenient  point  near  the  top  of  the  E-layer;  the 
most  reliable  values  of  b   that  have  oeen  deduced  are  2.15  ^  10~^  deg  K/cm 
for  an  atmosphere  of  variable  molecular  weight,  or  5.53  x  lO"-^  for  constant 
molecular  weight  of  2«,96^  \ 

•Por  an  atmosphere  with  the  temperature  distribution  (26),  the  density  of 
a  species  X  varies  as 
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Xe  shall  calciilate     [e]     from  the  empirical  relation 

<<  Uf     =     <liU)    [0]  (28) 

-9    3     -1 
in  which  ot  has  the  constant  empirical  value  4  i  10    cm   sec  .  The  results 

of  a  number  of  models  are  given  in  table  I,  It  is  seen  that  if  one  uses  tempera- 
tures derived  from  the  assumption  of  variable  moleciilar  weight  (case  (l)  in  the 
table),  one  arrives  at  results  in  passable  agreement  with  the  experimental  data 
(17),  and  one  is  tempted  to  identify  the  F^^-layer  with  the  region  of  ionization 
of  oxygen  atoms. 

The  above  result,  however,  is  obtained  by  using  the  empirical  relation  (28) 
instead  of  (25).  When  the  "theoretical"  relation  (25a)  is  employed  for  heights 
near  the  F^^-layer,  one  obtains  the  meaningless  result  that  [e]  becomes  negative 

as  q,  [0]  becomes  greater  than  v  [O  ]  [e].  Alternatively,  one  may  impose  the 

—9   3-1 
empirical  value  4  x  10   cm  sec    on  the  theoretical  expression  for  o(   in 

(25b): 

f- ^:-—      =  4  I  10  ^  cm^  sec  ^  (29) 

^dW  +  Y  [Oj 

and  one  finds  the  necessary  value  for  [O-]    : 

which  corresponds   to  a  much  lower  altitude  than  the  P, -layer. 

The  above  difficulty  is  not  resolved  by  inclxiding  the  radiative   recombina- 
tion  (6)   for  the  P. -layer.     In  this   case,   an  additional  term  -«<-      [O   ][e]     is 
to  be  added  to  the  right-hand  sides  of  equations    (19)   and   (20) ,   and  the  maximian 
electron  density  at  noon  is  given  by 


q^o]        a  die]  +  r  [0,] 


(;e]2     =      -i- -° L_  (30) 


instead  of  (25).  This   relation  obviously  meets   with  the  same  difficulty  as 

(25b).      In  fact,   it  can  readily  be  shown  by  similar  arguments   that   it   is   not 
possible  to  have  a  comnlete  theory  of  the  F-layer   (especially  of  the  observed 
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value  "^  =  4  X  10    cm  sec   )  based  on  processes  involving  oxygen  atoms  and 
molecules  alone,  such  as  (2),  (3),  (5),  (6),  (?),  (8),  (l8).  The  difficulty  of 
accounting  for  the  observed  '^  for  the  F  -layer  lies  in  the  smallness  of  the 
concentration  of  0^  in  that  region,  and  the  smallness  of  the  radiative  recombi- 
nation coefficient  "^    of  (6),  The  rapid  decrease  of  [O  ]  with  height  aoove 
the  ii-layer  as  a  result  of  the  dissociation  of  molecular  oxygen  into  atoms 
renders  such  processes  as  (8)  and  (7)  ineffective. 

This  difficulty  of  explaining  the  observed  recombination  coefficient  of  the 
F, -layer  in  terms  of  oxygen  atom  ionization  is  rather  Independent  of  the  particu- 
lar theory  for  the  oxygen  distribution  employed  in  the  calculation.  Furthermore, 

the  difficulty  is  not  resolved  by  adding  the  contribution  from  the  ionization  of 

[2] 
nitrogen  molecules  at  the  first  ionization  potential  of  15.5  ev      to  the 

contribution  from  atomic  oxygen.   Thus,  on  assuming 

[2] 
n^  +  hV  —>     ^"l     +  e  '      ^       ~   lO""''''  cm  at  I5.5  ev  (31) 

\^   +  e  — >  N'   +  N"    ;   ol   -^  4  X  lO"^  cm^  sec"-*-  (32) 

in  addition  to  (l8),  (7)*  (8),  it  can  be  shown  that  the  maximum  electron  density 
at  noon  is  given  by 

[ef  =  -i; H-    -^^^  (33) 

l,r  N 

and  the  effective  recombination  coefficients  is  given  by 

q 


r  . 

q 


,L0]  J  [e]         »L 


Calculations   of        q„  [N^]    ,   q, [O]  at   the   heights   of   tne  F  -layer   (200   Km)    based 

[7I 
on  the   three-body  association  model   of  Moses   and  Wu         and  on  the  assumption  of 

a  linear  rise  of  temperature  with  altitude   between   100  and  200   Xm,   as   in  equation 

(26),  show  that 

—     rJ\ —      -^      1/160  at  200   Km. 

This   means    that   at   this   height   the   contribution  to   the  electron  density 

comes   predominantly  from  the  oxygen  atcns ,   and  the   rate   of  recombination  is 

+ 
determined  essentially  by  that  between  0       and  electrons. 
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Table  I. 

Phot o-ionizat ion  of  atomic  oxygen. 

Two-body  model 

Three -body  model 

T  =  300°K 

T  =  300°K 

C  =  10~^^  cm     sec"^ 

Situation  neai 

the  top  of  the  E-layer  a; 

height  Xj, 

^E 

(Km) 

97 

105.5 

^°^E 

(cm~3) 

3.86  X  IQ-"-^ 

4.3  X  10^^ 

1^°2^E 

(cm"3) 

2.32  X  lO^-'- 

1.67  I  10^^ 

l-\ 

(cm"^) 

«  1 

/^l 

Maximum  i 

1  the  electron  concentratj 

)n 

due  to  ph( 

;o-ionization  of  atomic  03 

'■gen 

height  of 
maximum 

(Km) 

(1)                        (2) 

(1)                        (2) 

220                         305 

170                     190 

^  (empirical   ) 

3         —1 
(cm     sec     ) 

4  X  10"^           8  X  lO'-'--'- 

4  X  10"^           4  X  10"^ 

[e] 

(cm"^) 

1.5  X  10^         6.6  X  10^ 

1.7  X  10^         1.3  X  10^ 

(1)  refers   to   temperatures   calculated  by  using  variable   molecvilar  weightr     • 
thus  in  equation  (26),   b  =  2.15  ^  10         degK/cm. 

(2)  refers    to   temperatures   calculated  for  fixed  molecular  weight     M  =  28.966 
(b  =  5.53  X  10  -^     degK/cm).     The  effective  molecular  weight   is   certainly  not 
constant  at   these  altitudes,   and  thtis    (l)   should  be  considerably  more  reliable 
than  (2). 
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